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Abstract 
The third decade into 21st century is expected to be a very crucial phase for cities and human life particularly when 70% of the 
population will be living in urban settings. This has created a strong need for transitioning cities toward sustainable communities. 
As a result, several neighborhood sustainability assessment tools have been developed worldwide. Although these tools are being 
continuously revised and improved, studies have pointed out that they lack context-specificity and suffer from “one-size-fit-all” 
vision. This is due to the fact that they rely on high-level rule-based measurement systems that provide overwhelmingly similar 
guidelines regardless of contextual characteristics. The goal of this paper is to raise this issue and demonstrate the variations in 
contextual characteristics. Defining “balance” in urban sustainability assessment from five different perspectives serves as a prelude 
to the focus of this paper which is contextual balance. Neighborhood context is defined as a function of numerous variables selected 
from physical, operational, socio-economic, environmental, and institutional points of views. To demonstrate the diversity of 
possible contextual outcomes, a series of cases studies are performed only on one of the variables in macro and micro levels. 
Finally, the results and recommendations are discussed. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the International Conference on Sustainable Design, Engineering 
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1. Introduction 
The fast paced urbanization has caused cities to account for more than 75% of the global energy consumption and 
80% of the total GHG emissions with a great deal of overall global resource consumption happening in the cities. Not 
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very surprising, the role of cities in sustainable development has gained prominence and the concept of sustainable 
cities has received significant political momentum worldwide as the central focus for driving worldwide sustainability. 
Cities are now at the forefront of efforts for achieving goals such as social justice, eliminating poverty, reduction in 
greenhouse gas emissions, better air quality, conservation of energy, economic vitality and reduction of 
unemployment. 
 
Although the desire to monitor and quantify sustainability in a meaningful way is well-founded and widespread, 
the subject of sustainability and its assessment, afflicted by widespread information gaps, vagueness, ill-definition and 
uncertainties, have curiously lagged in this regard [1]. Without any doubts sustainability problems are 
interdisciplinary, very complex and to some degrees subjective. But the complexity should not be a disabling factor 
for pursuing rigorous analyses. 
 
Establishing reliable methods for measuring sustainability is currently a major issue, which acts as the driving force 
in the discussion on sustainable development. Developing tools that can reliably measure sustainability is a 
prerequisite for identifying non-sustainable processes, informing design-makers of the quality of products and 
monitoring impacts on aspects of human life [2] and moving the decision-making process toward more rigorous, 
quantitative and empirical foundations. The motivations for measuring sustainability are multiple: policy and decision-
making, environmental management, advocacy, participation, consensus building, research and analysis. 
 
The political will to assess and monitor the sustainability of cities resulted in a series of sustainability assessment 
tools and rating systems. Buildings were among the first elements of built environment, which went under scrutiny 
and a series of assessment tools, mostly known as green building rating systems, were developed around the world. 
However, over time, both planners and policymakers increasingly came to understand the importance of 
neighborhoods as the building blocks of cities [3] and the nearest social, economic, environmental and institutional 
level to citizens in which sustainability can be meaningfully assessed. Contrary to building level assessments, this 
allows the assessors to consider the unique contextual specificities of the area under study and recommend priorities 
accordingly.  
 
In a span of a decade, more than 20 different Neighborhood Sustainability Assessment (NSA) tools and rating 
systems were created by different organizations (governmental and non-governmental) around the world. It is clear, 
the developed neighborhood-scale sustainability assessment tools have contributed to increasing the environmental 
awareness among the actors involved. They also have helped sharing criteria and objectives of sustainability among 
professionals, for which these tools are a method and framework of reference for evaluating their projects. Moreover, 
they have been a guiding tool toward better practices, if not the best practice, have facilitated legal and political agenda 
in some cases, and have improved the market demand and supply [4]. In this sense, obviously these tools are 
increasingly promoting sustainable design and practices. 
 
However, a growing body of research studies have critically analyzed theses sustainability assessment tools from 
various aspects [5,6,7,8,9]. [9] investigated the NSA tools’ using a two-phase analysis procedure, namely: 1) 
Development Phase: the development of the NSA tools was studied in detail from multiple aspects, using five globally 
well-known NSA tools, and 2) Implementation Phase: the actual outcomes of 115 projects, which received at least 
LEED-ND certification recognition were scrutinized. The results show shortcomings in achieving a balanced approach 
during project implementation, which is caused by the static nature of these NSA tools. In conclusion, [9] provided 
several focus points for improvement of these tools in their future revisions, to achieve a balanced sustainability 
assessment. As shown in Figure 1, these focus points could be summarized as: 
 
x Contextual balance: Focus on the contextual specificities of each region. 
x Procedural balance: Focus on stronger role for all stakeholders, especially the citizens, in process of 
development, revision and implementation of assessment. 
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x Integrational balance: Focus on balanced assessment of sustainability by considering all four aspects of 
sustainability in an equitable (but not necessarily equal) manner. 
x Relational balance: Focus on cross-scale relationship between neighborhoods, buildings and infrastructures. 
x Temporal balance: Focus on intra- and inter-generational aspects of sustainability. 
 
The focus of this paper is on the contextual balance in neighborhood sustainability assessment. The aim of this 
paper is to raise this issue and demonstrate the variations in contextual characteristics; this will effectively show the 
need for departing from one-size-fit-all methodologies. This paper is organized in four sections. Section 1 is the 
introduction and focuses on the progress and current status of neighborhood sustainability assessment in broader terms, 
and provides a list of recommendations for achieving balance in assessment. Section 2 specifically focuses on 
contextual balance by defining what context means and its significance. To demonstrate the diversity of possible 
contextual outcomes, Section 3 provides a series of cases studies which are performed in macro and micro levels. 
Finally, section 4 provides a set of recommendations for improving the context specificity of NSA tools.  
 
 
 
Fig. 1. Different aspects of balanced assessment of sustainability. 
 
2. Contextual Balance: 
By definition, sustainability calls for applying an integrative approach by taking into account various factors, their 
relationships, and interdependencies. As [10] noted “context is the most influential element of the assessment, and it 
must be intended in a large, comprehensive way, by disaggregating physical aspects – like geography, climate, etc. – 
and non-physical aspects – like legislation, local habits, etc., all in one culture – of a place.” Local adaptability, 
sensitivity to the context, development type, and regional priorities are necessary for achieving an “asset-based”, and 
“considerate to local values” assessment. However, current tools and rating systems have considered regional context 
in a limited fashion. 
2.1. Definition of context: 
The context of an urban area could be defined from different perspectives. Looking from planning perspective the 
context is mostly formed by the configurations of elements of the natural and built environments over generations; 
however, the context of a neighborhood is also frequently associated with a set of socio-economic indicators. For 
example, [11] defined the neighborhood context based on residents’ race and ethnicity, social cohesion, and ambient 
hazard while [12] defined it based on poverty, marital status, birth-related factors, employment, affordable housing 
and racial and ethnicity-related factors. And while [13] used gender ratios, race, ethnicity, age and homeownership 
Balancing 
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Assessment  
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[14] defined the neighborhood context by means of indicators related to age, gender, immigration status, language, 
years of schooling, annual household income, and poverty rate. In fact, each of these studies have tried to measure the 
context of neighborhoods from different aspects and in respect to their overall goal.  
 
A list of frequently used variables are presented in Table 1. It is clear for neighborhood context, being dependent 
upon so many variables, there could be a variety of outcomes, each specific for the neighborhood or urban area under 
study. This has been clearly neglected in current assessment tools. For example, LEED-ND assigns up to 4 out of 110 
points to the regional priorities; the remaining points are awarded to project regardless of their specific circumstance.   
 
Table 1. Some of the defining factors in neighborhood context, for sustainability assessment. 
Defining Factors in Neighborhood Context 
Physical Operational Socio-Economic Environmental Institutional 
Block Shapes and 
Sizes 
Street Design and 
Pattern 
Connectivity 
Building Types and 
Uses 
Surface Material 
Transit Stops, Routes 
and Frequency 
Bike Lanes 
Accessibility 
Local Culture 
Demographics 
Safety and Crime 
Rates 
Landmarks and 
Historic Features 
Walkability 
Neighborhood Assets 
Land Use and 
Diversity 
Shopping and Service 
Areas 
 
Climate 
Land Form and 
Topography 
Water Bodies 
Wildlife 
Regulations and 
Codes 
Policies and 
Guidelines 
Special Districts and 
Designations 
Land Ownership, 
Easements 
 
Additionally, we can define the context of urban areas from two main dimensions: 1) Built and natural environment, 
and 2) Human. While the speed of change is very slow in former, latter can changes very quickly even within hours, 
given human activities and mobility is a very dynamic process; in contrary, the changes in built and natural 
environment dimension usually has a more enduring effect on urban context, as shown in Figure 2. 
 
 
Fig. 2. Urban context as a whole could be considered as two main dimensions, namely 1) Built and Natural Environment Dimension, and 2) 
Human Dimension 
 
 
To demonstrate the difference in the outcomes of contextual variables, and given the limitations of of this paper, it 
was decided to analyze a group of cities and neighborhoods using only one of the proposed variables in Table 1, i.e. 
city blocks. Hence, in the next section, the focus is solely on city blocks and the information they reveal about the 
urban context. 
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3. City Blocks, As a Contextual Variable: 
Physical features of cities are among the most influential factors in the way residents perceive their city. In 
quantifying the physical features of a city different variable might be used, e.g. street design, number of intersections 
and cul-de-sacs, area of parcels, building footprints, setback, and etc. One of the interesting variables which can carry 
useful information about overall street design and structure, in both macro and micro level, is a city block. As 
suggested by [15], in contrast to street networks, city blocks can be defined without ambiguity as they are legally 
defined as the smallest area of private properties delimited by public rights-of-way; hence, using blocks, it is easier to 
extract the information related to the visual aspects of the street network and its configurations. Blocks are indeed 
simple geometrical objects (polygons) whose properties are easily measured [15]. For the purpose of this paper, blocks 
are analyzed by two factors 1) surface area, 2) shape. The shape of a block is measured using shape factor Φ which is 
defined as the ratio between the area of the block and the area of the circumscribed circle C (equation 1). 
 
Ȱ ൌ ܣܣ௖ ሺͳሻ 
3.1 A macro-level analysis: a case of Miami, Orlando, and Tampa: 
LEED-ND, for example, does not accommodate the differences in street design of cities, which have different 
consequence on the overall urban context. To show such differences in cities, Miami, Tampa, and Orlando which are 
among main cities in Florida were selected for a comparative block analysis. According to the previously mentioned 
legal definition of a city block, block shapefiles for the three cities were generated using an ArcGIS toolbox developed 
by the authors. Then the Area and Shape Factor for each block were calculated. Figure 3 compares the kernel density 
estimation (KDE) of Φ for Miami and Orlando, as well as Miami and Tampa. The peak for Miami is located around 
Ȱ ൌ ͲǤͷͲ which is close to Ȱ of a square (~ 0.64). For city blocks in Orlando an almost bimodal distribution is visible, 
peaking aroundȰ ൌ ͲǤͳͲȰ ൌ ͲǤͷ. The distribution of blocks in Tampa looks similar to of Miami by peaking 
aroundȰ ൌ ͲǤͶͷͲǤ͸Ͳ. From these values it could be concluded that the street patterns in the Miami and Tampa 
have a more grid-like structure (resulting in higher number of blocks with shape factor close to the square’s) while in 
Orlando blocks demonstrate heterogeneity in shapes, suggesting significant curvilinear or irregular street structures 
throughout the city. Such differences directly change the contextual characteristics of cities in macro scale and impact 
factors such as accessibility, connectivity, walkability of neighborhoods. 
3.2 A micro-level analysis, deeper look at Miami vs. Tampa: 
In macro-level analysis similar overall block shape distributions were observed between Miami and Tampa. In 
order to gain a deeper understanding of these cities vis-à-vis each other, the blocks were taken a step forward by 
dividing them based on their surface areas into three logarithmic bins. The conditional probability distribution P(Φ|A) 
P(A) of shapes, for a given bin, were drawn and shown in Figure 4. 
 
x Bin 1:  Block Surface Area [1000, 10000) 
x Bin 2:  Block Surface Area [10000, 100000) 
x Bin 3:  Block Surface Area [100000, 1000000) 
 
This deeper look into the two cities’ block shapes for any given area bins reveal some of the differences in their 
street designs and structures. Clearly, Miami has a higher overall density peak.  In Miami, 63% of blocks fall in the 
bin 2 and Ȱ for that bin peak around 0.50; in Tampa 55% of blocks fall in bin 2 and the peak is around Ȱ = 0.40. This 
shows a more prevalent gridiron street structure in Miami compared to Tampa. In contrast, Tampa’s smaller blocks’ 
(located in bin 1) shape factors globally maximizes around Ȱ ൌ ͲǤ͸ while this is not true for Miami. 
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Fig. 3. X-axis represents Ȱ, and Y-axis represents the density. Green solid plots relate to KDE of Miami. Red dotted plot relates to KDE of 
Orlando and Tampa. 
   
Fig. 4. X-axis represents Ȱ, and Y-axis represents the density. For both cities, green plot relates to overall KDE, blue plot relates to KDE of 
blocks located in bin 1, red plot relates to KDE of block located in bin 2, and yellow plot relates to KDE of block located in bin 3. 
3.3 Comparison of two neighborhoods in Miami 
Given the transitional aspect of the urban built environment, within a city, a variety of physical characteristics 
could be observed. To demonstrate this, two neighborhoods in the city of Miami were randomly selected for 
comparison. The boundary of these two neighborhoods are selected according to delineations provided by census 
tracts as shown in Figure 5 - left. Given what has been discussed previously, it is clear the street design and pattern in 
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these two neighborhoods are different as neighborhood 1 (shown as NBR1) shows more homogeneity and similarity 
to grid-like street pattern. 
 
Fig. 5. (Left) two neighborhoods selected for analysis; (Right) The KDE of shape factors for both neighborhoods.  
 
4. Final Thoughts: 
This paper aimed at emphasizing on the importance of considering contextual characteristics of the built 
environment in sustainability assessment as it is a crucial part of the endeavors in achieving balance in sustainability 
assessment.  Since the urban context can differ greatly from place A to place B, the rationale behind one-size-fit-all 
vision which exists in current NSA tools is questioned. On a very limited scope, this paper tried to quantitatively show 
the differences in one of the key physical variables which impacts the contextual characteristics of the urban areas 
from macro and micro level.  
 
It is clear that a degree of customization and specificity is required when it comes to urban scale sustainability 
assessment. In contrast to building level assessment, the ability to consider the context is one of the most powerful 
benefits of performing sustainability assessment in urban scale since it can provide a meaningful spatial understanding 
of the area. Hence, we suggest modification in the nature of urban sustainability assessments to a more dynamic one, 
where the contextual characteristics of each area is used to establish the immediate action priorities for that area; and 
to facilitate the march towards sustainability goals through incremental (and step-by-step) development. These 
priorities should be defined in a scale smaller than city, given the fact that usually, different contexts lie within a city.  
 
With abundance of collected data, enhanced pervasive data collection, and significant achievements in big data 
analytics, it is well within reach to create a repository of action priorities for every neighborhood which frequently 
updates. These priorities are defined based on the contextual analyses of each neighborhood and are developed through 
comprehensive participatory channels as local culture and residents’ perception, as well as other intangibles, can differ 
significantly in any given place. Such assessment systems would automatically reward the majority of projects which 
current NSA tools certify, but additionally, it incrementally improves projects where current NSA tools consider as 
unsustainable. 
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